With the growth of traffic volume of hazardous chemical substances, incidents take place more frequently. The causes of incidents are numerous, and the relationships among factors are complex. In order to control the inherent laws of accidents and identify the complex coupling relationship of factors, this paper puts forward a method which is based on statistical analysis of incident databases. The R language is used for data mining. The required incident information is catalogued from PHMSA database. After classifying the consequence and cause types, the most likely types can be gained by statistical analysis. The coupled relationships between the causes and consequences can be obtained. Acquire the value of support, confidence and lift of the association rules by R. According to the results of analysis, the coupling relationships with weak influence could be filtered out. The incident rate can be accurately calculated.
INTRODUCTION
Cargo throughputs of hazardous chemical substances in energy, raw materials, and other aspects have been markedly increasing, and the number of transportation incidents also increases [1] . Transportation incidents of hazardous chemical substances are often followed by catastrophic incidents. Analysis of historical data is an important way to obtain inherent laws of incidents. This paper adopts the relevant data in the PHMSA database.
The scholars in different countries have done research separately, but there are few studies on the influence of multi-factor coupling. The major research directions include risk assessment, route selection, comprehensive site selection and gridding optimization [2] . Verter and Bubbico put forward an approach of transportation risk analysis for road transportation [3] [4] . Xiang Liu et al. provided insights regarding the circumstances affecting multiple-tank-car release incidents and potential strategies to reduce their occurrences [5] . Addi Ait-Mlouk et al. propose a data mining method for association rules analysis from a road incident database by R, which can provide meaningful information for developing suitable prevention policies [6] .
A method is proposed to obtain the coupling relationships among transportation factors based on data mining to assist incident rate calculation. Reasons and results that have strong coupling relationships are identified. The incident rate can be accurately calculated, and effective incident emergency response can be put forward.
METHODOLOGY
The coupling relationships among factors are complex, and the mutual influence degree is difficult to determine. The determination method of coupling relationship put forward in this paper is based on the incident information database and data mining. The method includes 5 steps as follows.
(1) Database Establishment: All the incident information, such as information of general incident, packaging, vehicle, cause, incident type, consequence, etc. can be used to establish the road transportation incident information database.
(2) Extraction of the Data Information: The case information of all incidents of a certain chemical to be analyzed in a period of time is selected and analyzed. The factors to be studied can be determined, and different combinations of datasets are built. For example, the influence of time and place on a certain type of hazardous chemical substance incidents, the time, place and hazardous chemical substance incident data are filtered out from the database and a data set is established.
(3) Association analysis of Data: The support, confident and lift among the factors in data sets are acquired through data association analysis, so that the intense degree of relationship among the factors in every data set can be confirmed.
(4) Coupling Relationship Determination: According to the data association analysis, the relationships with weak influence should be filtered out. Then the coupling relationships among different types of data in the database can be determined.
(5) Incident Rate Calculation: Based on the coupling relationship among different types of data and the incident rate calculation method, the incident rate calculation model can be established.
RESULTS

Establishment of Incident Database for Hazardous Chemicals Road Transportation
Incident databases for hazardous material transportation record basic information and provide a complete description of the events. In this paper, on the basis of PHMSA and MSDSs (Material Safety Data Sheet), the structure of incident databases is compiled, and it mainly includes the following 10 parts, as shown in TABLE I.
Incident Types and Classification of Incident Causes
There are several types of incident results, including spillage, fire, explosion, water sewer, gas dispersion and environment result. It can be found the most likely types of incident results by calculating the number of occurrence times for each type.
The causes of the incidents are classified into 3 types by PHMSA database, including what to fail, how to fail and cause of failure. Through the statistics analysis of the causes, top factors for the incidents of hazardous chemical substance can be determined. It is necessary to pay attention to these factors.
(1) What to Fail: The occurrences of various causes in PHMSA database are counted and the most likely components of failure are obtained, including "Closure", "Body", "Basic Material", "Inner Packaging", "Inner Receptacle", "Cover", "Weld or Seam" and "Manway or Dome Cover". (2) How to Fail: By statistics and analysis, the most common failure processes obtained include "Leaked", "Punctured", "Crushed" and "Cracked".
(3) Cause(s) of Failure: It is concluded that the most common causes of failure are "Human Error", "Dropped", "Loose Closure", "Forklift Accident", "Improper Preparation for Transportation", "Inadequate Blocking and Bracing", "Defective Component or Device" and "Impact with Sharp or Protruding Object".
Determination of Coupling Relationship Based On the Incident Database
In this paper, it is proposed to use the R language to analyze incident information and calculate support, confidence and lift degree of factors and results. According to these, determine the coupling relationship to provide basis for logical relationship of factors in the fault tree model. The method can be divided into the following 6 steps:
(1) Extract and Build Item-Set for Incident Data: Item-set is a set and a field of incident information, namely an item. Some incident information constitutes a set, which is called item-set. The data of incident database constitutes a polybasic item-set.
(2) Build up Association Rules: Ordinarily, it can be written in the form of X->Y. X is the precondition of association rule. Y is the result of association. An association rule can show the relevance between X and Y. The intensity of relevance is mainly controlled and evaluated by support, confidence and lift degree.
(3) Calculation the Support Degree: It is the probability that item-set includes X and Y at the same time:
We can regard reasons and conditions as the X item-set, and regard the consequences as Y item-set. An association rule is made up of X and Y which can calculate the support degree of all association rules based on R language.
(4) Calculate the Confidence: Confidence is the frequency that Item Y appears when item X appears as precondition. In other words, it is the possibility when the item contains X and find out it containing Y at the same time. Its possibility is calculated as follows: Confidence (X->Y) = P (Y|X) = P(X, Y)/P(X) (5) Calculate the Lift Degree: Lift degree is the ratio of the probability that it has X already and it has Y at the same time and the probability that it has Y without this condition:
Lift (X->Y) = P (Y|X)/P(Y) = Confidence (X->Y)/P(Y)
The bigger the value is, the stronger the relationship will be. (6) Filter out Rules: Based on the support, confidence and lift degree of association rules, we can filter, rank and screen out the rules through setting conditions.
Application of Incident Rate Computing Method Based on the Incident Database EXTRACTION OF DATA INFORMATION FROM INCIDENT DATABASE
In this paper, the PHMSA incident data from 2005 to July 1st, 2015 is selected to establish the required incident database. We can find that the incident information of UN1263 is the most. UN1263 is the soybean oil, polymer with isophthalic acid and trimethylolethane, one kind of flammable liquid, coatings and related products. This paper will use the incident data of UN1263 in the database as the object of study. TABLE II and TABLE III, we can see that, the average number of incident is 14,254 each year, including 13,763 spillage incidents. However, for only UN1263, the incident number is 3,417 each year, including 3,403 spillage incidents. It can be concluded that, the most likely incident type for UN1263 is spillage incident.
The information of item-set X is basic condition of incident. Data information in item-set Y is mainly about the types of incidents. Combining item-set X and item-set Y, incident data set about UN1263 transportation can be built. 
DATA ASSOCIATION RULE ANALYSIS
The data set is established including factors: date, city, county, state, transportation phase, hazardous class, packing group, packaging type, what failed description, how failed description, failure cause description, weather conditions and spillage result. Spillage result is regarded as item-set Y. In item-set Y, there are two results, which are "Yes" means "spillage result happened" and "No" means "there is no spillage".
R language is a widespread use of computing tools for data mining. It provides a variety of computing functions and enables users to adjust functions according to the need at the same time. R language can load packages offered by other developers. R is open source software which can be downloaded from the official website.
Corresponding association rules are selected by R language, and the conditions of support and confidence degree to be inspected are set, and formatted rules of all the factors connected with spillage result are studied. Through data association, support, confidence and lift degree among all the data sets are analyzed and calculated. We can determine the intense degree of relationship among factors in each data set. The "apriori" package of R is used to analyze association rules. After loading it, enter the code as follows. Rules: Spillagerules = apriori (data2005, parameter = list (minlen=9, support=0.03, confidence=0.5), appearance=list (rhs=c("Spillage Result =Yes")))
Exported results of association rules are shown in TABLE IV. By adjusting the numerical value of "minlen", "support" or "confidence" in the rules, we can get different combinations of factors. Lift degree and the number of rules will be changed correspondingly. When the lift degree is greater than 1, it indicates that item-set X and item-set Y have influence relation. If this result is applied incident data, X is the situation and condition causing the occurrence of Y.
CALCULATION OF INCIDENT RATE
According to the results of association rule analysis, all the relevance factors with strong impact that cause spillage of UN1263 can help to build the fault tree. The fault tree that has been coupled and filtered is shown in Figure 1 . Basic probability of each event can be obtained from the database by statistical analysis, as shown in TABLE V. From the basic probability of factors, we can calculate that the probability of final top event is 0.54879. It is much closer to the value of real probability than the value calculated from database directly. 
CONCLUSIONS
In this paper, a method is proposed to obtain the coupling relationships among road transportation incident factors based on data mining to assist incident rate calculation. The method is verified with the spillage incident in the transportation process of UN1263 as an example. The incident database is built based on PHMSA database. By using R language, we can calculate the value of support, confidence and lift of association rules among different incident data. By adjusting parameters of different association rules, we can determine the reasons and condition factors that cause different types of incidents or combined results. Therefore, we can delete the relationships with weak correlation, and increase the accuracy of calculation for incident rate such as fault tree model. Effective determination of coupling relationship among factors is only one side of increasing the accuracy of incident rate calculation. It is also required to constantly accumulate, collect and verify failure rate data of factors. 
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